The formation of the Gulf of California has been related to the cessation of subduction of the Guadalupe and Magdalena microplates. Various studies have identified features that point to the presence of a slab remnant beneath the Baja California peninsula, but its depth range and lateral extent remained unclear. In this study we used surface wave phase velocity and receiver function data of NARS-Baja stations around the Gulf of California to better constrain the location of the slab. For stations in central and southern Baja California the shear velocity models show an upper mantle high-velocity layer with its top in the depth range from 115 to 135km and a thickness varying between roughly 40 and 60km. These high-velocity anomalies are interpreted as subducted slab remnants. In contrast, the models for the northern peninsula show no slab signature. This change directly correlates with the variation in relative motion between the Baja California peninsula and the Pacific plate as measured by GPS data. It is inferred that the stalled slab fragments beneath the peninsula produce strong coupling between Baja California and the Pacific plate. The shear velocity models for stations on the Mexican mainland show a layer of higher velocities above a low-velocity upper mantle. In the North, the low-velocity mantle, starting at a depth of 40km, is associated with upwelling as suggested by previous studies. Further south, the transition from higher to lower mantle velocities occurs around 80km depth, which is a typical value for the lithosphere-asthenosphere boundary. Furthermore, the models show strong crustal thinning towards the gulf, both from the peninsula as well as from the Mexican mainland.
Introduction
The Gulf of California forms part of the Pacific -North America plate boundary, linking the San Andreas fault in the North to the East Pacific Rise in the South. The area has a complex tectonic history involving past subduction, followed by a combination of extension, spreading and transform motion. The region evolved after the cessation of subduction of Farallon plate fragments beneath North America around 12.5 Ma, two of which, the Guadalupe and Magdalena microplates, can still be identified offshore of the Baja California peninsula (Lonsdale, 1991, see Fig. 1 ).
The region has been studied intensively, but a proper understanding of the geodynamical processes that shaped the Gulf of California and the Baja California peninsula is still lacking, partly because the role of the subducted slab fragments and their behaviour in the mantle is unclear. Slab break-off has likely played an important role in the geodynamics and volcanism of the peninsula and gulf (Castillo, 2008; Ferrari, 2004; Fletcher et al., 2007; McCrory et al., 2009; Michaud et al., 2006; Pallares et al., 2007) , but the actual locations of the slab and slab tear are not well constrained. Similarly, the location of a slab window beneath the northern part of the peninsula, inferred from plate reconstructions and volcanism (Atwater, 1989; Dickinson, 1997) , is only poorly imaged by seismic studies to date.
Most of the seismic studies that imaged the mantle structure used surface wave data from the NARS-Baja network (Trampert et al., 2003) . They have inferred localized low-velocity anomalies in the upper mantle (50-90 km) below the gulf and high velocities below the central to southern part of the Baja California peninsula (Di Luccio et al., 2014; Wang et al., 2009 Wang et al., , 2013 Zhang et al., 2009; Zhang and Paulssen, 2012) . The high velocities are interpreted as slab remnants beneath the peninsula. However, the lateral and depth extent of these high-velocity anomalies varies between the studies indicating that the location of the slab is not well constrained. The various surface wave studies, for instance, image the top of the slab between 50 and 120 km. Two receiver function studies interpreted this slab interface even much shallower, at approximately 40 km depth, for a station in central Baja California (Obrebski and Castro, 2008; Persaud et al., 2007) .
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e n i n s u l a r R a n g e s E P R In this study we combine phase velocity data, which constrain the overall shear velocity structure with depth, with receiver function data, that are more sensitive to sharp velocity changes, to better determine the mantle structure beneath the NARS-Baja stations. In addition, our models provide further constraints on variations in the crustal structure around the Gulf of California.
Methods and data
Because of their complementary in sensitivity to shear velocity structure, surface wave and receiver function data have often been inverted jointly in studies of crustal and uppermost mantle structure (e.g., Julià et al., 2000; Özalaybey et al., 1997; Shen et al., 2013b) . In this study we used newly measured P-wave receiver functions for stations of the NARS-Baja network and combined them with existing Rayleigh wave phase velocity data obtained by Zhang and Paulssen (2012) to invert for crustal and upper mantle shear velocity structure beneath the NARS-Baja stations around the Gulf of California.
P-wave receiver functions
We used the standard receiver function approach by Langston (1979) to determine the receiver functions of the NARS-Baja stations. A receiver function is obtained by deconvolution of the direct P-wave signal plus its coda recorded on the radial component by that on the vertical component. This effectively eliminates the source time function and makes the receiver function mainly sensitive to P-to-S converted waves at the receiver side of the ray path. The receiver function is filtered in the frequency domain by a Gaussian filter of width a and a waterlevel parameter c to stabilize the deconvolution (Langston, 1979) . For our study we used a = 2 and c = 0.001 to obtain stable, but sufficiently high-frequency receiver functions. The receiver functions were obtained for a 40 s time window after the P arrival to include P-to-S conversions from the upper mantle. We collected data from 893 events at distances between 40 • and 90
• with a minimum magnitude of 5.5. Seismograms with a poor signal-to-noise (S/N) ratio were discarded as well as unstable receiver functions caused by fluctuations of the horizontal components due to ground tilting. As an example, the individual receiver functions of station NE76 are shown in Fig. 2a . With most of the events at back azimuths around 125 • (SE), 240
• (SW) and 320
• (NW), the data were divided around these three dominant back azimuth directions. For each of these directions, the receiver functions were averaged, mostly over two or three slowness ranges. The benefit of using average receiver functions is that they have an improved S/N ratio compared to the individual receiver functions. The averaging also enables determination of the (time-dependent) standard deviation as a measure of the uncertainty. The different slowness values, or incidence angles of the incident P wave, are important to better constrain the shear velocity structure (Ammon et al., 1990; Paulssen et al., 1993) . For 10 stations, indicated by their station codes in Fig. 1 , we had sufficient numbers (66 to 252) of receiver functions to determine reliable average receivers functions. The other stations did not have sufficient data, mostly because these stations were not operational for the whole duration of the project. Per station, we obtained up to four average receiver functions with different slowness values for each of the three dominant back-azimuthal directions (SE, SW, NW). Fig. 2b shows the average receiver functions for station NE76 with standard deviation for SE (two receiver functions), SW (two) and NW (three) back azimuths. Clear azimuthal variations are observed, mainly in the first 5 s corresponding to P-to-S conversions from the crust, revealing effects of heterogeneity and/or anisotropy. We will come back to this later.
Phase velocity data
We used the Rayleigh wave phase velocity data of Zhang and Paulssen (2012) to determine the phase velocity curves at each of the stations. Their study is based on a data set of 858 earthquakes with a moment magnitude larger than 5. They used the two-station method, first developed by Sato (1955) , to determine phase velocities for the paths between stations of the NARS-Baja project. Multiple events have been used to determine an average phase velocity curve for each interstation path. Each curve was obtained as the average of at least 8, but in most cases more than 20, individual phase velocity curves with a minimum of 4 measurements per period. The average phase velocity curves were subsequently inverted for phase velocity maps at multiple periods by linear inversion of the path averaged data for a 100 km spaced grid. The phase velocity curves at the station locations were obtained by interpolation of the three nearest phase velocity curves of the grid using inverse distance weighting (Shepard, 1968) . The phase velocity curves were obtained for periods from 10 to at least 160 s, but in most cases to 250 s. The estimated uncertainty for the phase velocity curves is 0.5%, a value adopted from Zhang and Paulssen (2012) .
Joint inversion of receiver function and phase velocity data
The receiver functions and phase velocity data at each of the stations were jointly inverted to determine the crustal and upper mantle structure to a depth of approximately 200 km. Rather than taking a linearized approach (e.g., Julià et al., 2000) , we chose to use the Neighbourhood Algorithm (Sambridge, 1999a) to investigate the distribution of models that fit the data within the uncertainty. The Neighbourhood Algorithm is a guided random search method with preferential sampling of the model space in regions of good data fit. It divides the model space in nearest neighbour regions (Voronoi cells) constructed from the distribution of model samples for which the misfit has already been calculated. In the regions of the n r models with lowest misfit, n s new models are randomly generated, and the process is repeated. While regions of low misfit are preferentially sampled, the model space can still be fully explored with a proper selection of the tuning parameters n s , n r and the number of iterations. The method is therefore suited to assess the distribution of acceptable models. Here we used n s = 200, n r = 75 and 500 iterations. These numbers were selected as the best combination between a wide model search and fast convergence.
The Neighbourhood Algorithm can also be used to estimate the posterior probability density function from the complete set of models using the model appraisal approach of Sambridge (1999b) . However, in view of the back-azimuthal variations that we observe in the receiver function data for most of the stations (see Fig. 2 , for example) we only interpret the robust features of our models. Calò et al. (2016) used the trans-dimensional Bayesian formalism to determine the crustal and uppermost mantle structure for North American stations. This approach would not be useful for our stations because quantitative error estimates of the 1-D parameters may not be meaningful in case of more complex structure. In Section 3.3 we will return to the issue of crustal deviations to 1-D structure.
Not favouring one type of dataset above the other, we decided to give equal weights to the receiver function and phase velocity data. The misfit is therefore defined as
where the receiver function misfit is
with RF obs j (t i ) and RF pred j (t i ) the jth observed (average) and predicted receiver functions as a function of time sample t i , respectively, and s RF j (t i ) the standard deviation of the data. n is the number of samples per receiver function and N the number of receiver functions. Similarly, the phase velocity misfit is
with PV obs (T i ) and PV pred (T i ) the observed and predicted phase velocity data as a function of period T i , respectively, and s PV (T i ) the uncertainty of the data. m is the number of periods of the phase velocity curve.
The predicted receiver functions were calculated by the Thomson-Haskell method for 1-D models consisting of six layers. The first three layers comprise the crust (sediments, upper and lower crust) and the lower three the mantle structure. The model parameters are shear velocity (v s ), P-to-S velocity ratio (v p /v s ), and layer thickness (h), which vary within the ranges shown in Table 1 . The density was scaled to the P-wave velocity according to the empirical relation given by Brocher (2005) . Fig. 3 shows the allowed range of shear velocity models with an example input model. The phase velocity curves were calculated for the model that was linearly extrapolated to reference model MC35 (van der Lee and Nolet, 1997) at 420 km and similar at greater depths. The program rayleigh (courtesy G. Nolet) was used to calculate the phase velocity curves.
The main goal of the inversion approach was not to find the model that best fits the data, but rather to investigate the consistent features of the best fitting models to determine the robust features of the most likely models.
Results
Results for station NE76
The inversion approach is first illustrated for station NE76. The Neighbourhood Algorithm was applied to the phase velocity curve of this station and the (average) receiver functions from all backazimuth directions. The results are shown in Fig. 4a as a model density plot of all models that fit the data with a misfit less than 1, that is, within the estimated uncertainties. The highly sampled regions of the model space are indicated in blue, the more poorly sampled regions in yellow. The grey regions only contain models with a misfit larger than 1. Out of the 100,200 investigated models, 61,349 models fit the data with a misfit smaller than 1. Although this implies that each of these models fits the data within the uncertainty, we can infer the more likely structure from the density distribution of the models because the Neighbourhood Algorithm preferentially searches in regions of lowest misfit. The best fitting models, represented by the highest model density, are clustered around the model with the smallest misfit represented by the red line. The average of all the sampled models is shown by the white line. Its similarity to the best model indicates a model distribution around this best model and convergence towards this model. In the crust, velocity jumps Depth ( The fits of the best model to the receiver functions and phase velocity data are shown in Fig. 4b and c, respectively. The velocity jump at 4 km causes the broadening of the first peak in the receiver functions by interference of the direct P wave with the P-to-S conversion from the base of the sediment layer. The receiver function peak at 3 s is produced by the P-to-S conversion from the Moho. The positive peak around 15 s and the negative peak at 21 s are caused by conversions from the velocity increase and decrease at around 140 and 200 km depth, respectively. The best model has a misfit of 0.53, with a receiver function misfit of 0.56 and and phase velocity misfit of 0.51, which each contribute for 50% to the total misfit.
To further investigate the individual dependence on the phase velocity and receiver function data, separate inversions were performed for phase velocity and receiver functions only, with the results shown in Fig. 5a and c, respectively. The models of the phase velocity inversions are more poorly constrained than those of the joint inversion as can be inferred from a less pronounced distribution around the best model and a larger discrepancy between the best model (red) and the average of all models (white). However, the four most prominent velocity jumps around 4, 22, 130 and 190 km can also be recognized in the phase velocity inversions. The low number of models (2441) that fit the receiver function data within the uncertainty as well as the unrealistic velocity distribution with depth is caused by the azimuthal variations of the receiver function data. Yet, the receiver function data independently identify velocity increases at roughly 4, 22 and 130 km depth, indicating that the velocity increases at these depths must be sufficiently sharp to generate converted phases. There is no evidence for a sharp velocity decrease around 190-200 km depth based on the receiver function data.
Results -mantle structure
The procedure illustrated for station NE76 was also used to determine the structure for the other stations. Fig. 6 shows the joint inversion results for stations NE73, NE75, NE76, NE77, and NE79 that are located on the Baja California peninsula. Note that the misfit of the best model for station NE73 is larger than 1. The model density plot of this station therefore does not show the models with a misfit smaller than 1, but the distribution of the best 1000 models. The common feature of all the low-misfit models of Fig. 6 is a highvelocity layer in the mantle. For NE73, NE76 and NE77, this layer is approximately 60 km thick, for NE75 and NE79 it is somewhat thinner (40 and 50 km, respectively). The top of this layer is found at depths of roughly 115 km to 135 km. The high-velocity anomaly is obtained from the phase velocity inversions for each of the stations, but is generally more poorly constrained than for the joint inversions. In addition, except for station NE75, the receiver function inversions independently identify a sharp velocity increase around 130 km depth, that is, at the top of the high-velocity anomaly. The velocity increase at the top of the layer is therefore sharper and better constrained than the velocity decrease at the bottom. In contrast to the results for the other stations on the pensinsula, the presence of an upper mantle high-velocity anomaly is not clear in the model distributions of stations NE71 and NE72 in the northern part of the peninsula (see Fig. 7 ). The low-misfit models only show a small amplitude high-velocity anomaly that is mainly determined by the phase velocity data. The receiver function inversions show no evidence for velocity increases or decreases at depths corresponding to those of the phase velocity inversions. We therefore conclude that the presence of an upper mantle high-velocity anomaly is not obvious below stations NE71 and NE72.
The upper mantle models for stations NE80, NE81 and NE82, located on the Mexican mainland, are distinct from those on the Baja California peninsula because they show a velocity decrease in the upper 100 km of the mantle (see Fig. 8 ). The largest gradient of the velocity decrease occurs around 40 km depth below station NE80, whereas it is found at 70 to 100 km for stations NE81 and NE82.
Results -crustal structure
We determined the most robust features of the crustal structure by inversions using receiver functions only. Phase velocity data, with periods of 10 to 20 s, are sensitive to crustal structure, but there are strong trade-offs between v s and the depths of discontinuities (Lebedev et al., 2013) . In addition, our phase velocity data are interpolated from a 100 km spaced grid, and therefore lack the lateral resolution of the strongly varying crustal structure that has been shown to exist in previous receiver function studies ( Lewis et al., 2001; Persaud et al., 2007) . The back-azimuthal dependence of the receiver function data (see Fig. 2 ) provides additional evidence of small-scale crustal heterogeneity. To infer the consistent crustal features per station, we inverted the data from all back azimuths, and for each of the three dominant back-azimuth directions (SE, SW, NW) separately. This allows to identify some of the biases or artefacts caused by 1-D modelling of a more complex structure. The most prominent and consistent features of the models were the base of the sediment layer and the Moho discontinuity, where the Moho was interpreted as the largest velocity increase between 10 and 40 km depth. Table 2 gives depth ranges obtained for the sediment interface and Moho as inferred from all four inversions per station. The stations with the largest sediment thicknesses (with values up to 4 or 5 km), but also with the largest sediment thickness variations, are found in coastal regions, i.e. at stations NE72, NE76, NE77, NE79 and NE82. The low elevation of these stations with the large gradients in topography explain these findings.
The inferred Moho depths range from 20 to more than 30 km (see Table 2 ). Here it should be noted that the receiver function inversions for station NE77 gave poorly constrained Moho depths and large Moho depth variations. To stabilize the results, the depths were determined from inversions that included the phase velocity data as well. The largest crustal thicknesses, with values of more than 30 km, are found for stations NE71, NE72, and NE73, located at the Our results of crustal thinning towards the gulf are in agreement with previous studies using wide-angle data (Lizarralde et al., 2007) and receiver functions (Persaud et al., 2007) . Our study improves upon this last study in the amount of data used (two vs. six years of NARS-Baja data) as well as on the inversion technique. Persaud et al. (2007) used the method of Zhu and Kanamori (2000) in which the crust is modelled as a single layer with crustal thickness (H) and V p/V s ratio (j) as inversion parameters. We find that our Moho depths generally are a few km shallower than their results. This is explained in a recent study of Yeck et al. (2013) that showed that the H − j method overestimates the crustal thickness by an amount roughly equal to the sediment thickness. Furthermore, for station NE80 there is a notable discrepancy between the Moho estimates of Persaud et al. (2007) (31-33 km) and ours (20-22 km). Our results are probably more reliable because they are in good agreement with the seismic reflection and refraction studies by González-Fernández et al. (2005) and Lizarralde et al. (2007) . These studies find Moho depths of approximately 20 km in the vicinity of station NE80.
Although we only interpreted the most robust features of our crustal models and obtained reasonable estimates of sediment thickness and Moho depth, one might question how reliable the 1-D inversions are, given the back-azimuthal variability of the receiver functions. We therefore modelled the back-azimuthal dependence of the receiver functions of station NE71, the station with the largest back-azimuthal Moho depth variations, by a crustal model with dipping layers. The presentation of the analysis and the results are beyond the scope of this paper and can be found in de Vos (2016). The study showed that most of the back-azimuthal variations that are observed on the radial and transverse receiver functions of NE71 can be explained by a northeasterly dipping mid-crustal interface and a Moho at 28 km depth that dips roughly 30 • to the West. 
Implications of upper mantle structure
The most striking feature of the upper mantle models is the high-velocity layer with a sharp velocity increase at the top for stations NE73 to NE79 located on the Baja California peninsula. Multiple studies have suggested that slab remnants of the Guadualupe and Magdalena microplates should be present beneath the peninsula (e.g., Calmus et al., 2011; Schellart et al., 2010; Stock and Hodges, 1989) , and previous surface wave studies have interpreted high-velocity anomalies as slab signature (Di Luccio et al., 2014; Wang et al., 2013; Zhang and Paulssen, 2012) . However, the depth extent of these high-velocity anomalies varied substantially between these studies, ranging from less than 100 km (Di Luccio et al., 2014) to more than 150 km (Wang et al., 2013; Zhang and Paulssen, 2012) . The low-misfit models of our study show a remarkable consistency for the top of the high-velocity anomaly with depths around 120-130 km. This suggests that the Guadalupe and Magdalena slab fragments are located at similar depths beneath the Baja California peninsula. The sharpness of the velocity increase at the top of the anomaly, as inferred from the receiver function inversions, can be attributed to the compositional change at the slab interface. The bottom of the high-velocity anomaly shows a greater variability with depths from about 150 km (NE75) to 170 km (NE79) and 190 km (NE73, NE76 and NE77). These depths are more poorly constrained but could indicate variations in slab thickness. A quick estimate of the slab dip can be determined from the slab depth and distance to the former trench. Assuming a constant dip, a slab interface at 130 km and a distance of 275 km between trench and station, a slab dip of 25 • is obtained. Although this is only a crude estimate, such a small slope is not unrealistic considering the young age of the subducted Guadalupe and Magdalena slab fragments.
The lateral extent of the subducted slab segments was also unclear from previous studies. Where Zhang et al. (2009) and Paulssen (2012) found indications for a slab fragment below the Gulf of California, it is more clearly identified beneath the central part of the Baja California peninsula by Wang et al. (2013) . Moreover, Di Luccio et al. (2014) found an additional high-velocity anomaly below the southern part of the peninsula. Although we do not sample the two large regions between stations NE73 and NE75, and NE77 and NE79, we find evidence for a slab signature for all the six stations on the peninsula from NE73 to NE79.
The absence of the high-velocity layer in the model distributions for stations NE71 and NE72 suggests that there is no slab beneath these stations. Indeed, a slab window beneath the northern part of the Baja California peninsula was proposed by Atwater (1989) , but, except for a strong low-velocity signature beneath the northern part of gulf, previous seismic studies did not constrain its lateral extent very well. Our data indicate that the slab window is limited to the region between stations NE71 and NE72 in the northern part of the peninsula.
Our interpretation of a slab beneath stations NE73 to NE79 and its absence beneath NE71 and NE72 has important implications for the interpretation of observed relative plate motions. GPS measurements presented by Plattner et al. (2007) show that, relative to North America, the Baja California peninsula moves in the same northwestward direction as the Pacific plate but at a slightly lower rate. An observation that is not well understood is that the motion of Baja California varies along the length of the peninsula. The relative motion between the southern part of the peninsula (between 23 • N and 25.6
• N, i.e. at latitudes between NE77 and NE79) and the Pacific plate was found to be smaller (3.7 mm/year) than the relative motion between the northern part of the peninsula (between 31 • N and 31.5
• N, i.e. at latitudes between NE71 and NE72) and the Pacific plate (6.2 mm/year). This implies that the relative motion between the southern part of the peninsula and the North-American plate is larger than the relative motion between the northern part of the peninsula and the North-American plate. Plattner et al. (2009) suggested that the northward migration of Baja California is hindered by its collision with the Sierra Nevada block in the North. Rather than an increased resistance of Baja California with the North-American plate towards the North, we favour stronger coupling between the peninsula and the Pacific in the South. We suggest that the stalled Guadalupe and Magdalena slab fragments beneath the central and southern part of the peninsula produce a strong coupling between the Pacific plate and Baja California. The absence of a subducted slab in the slab window region between stations NE71 and NE72, on the other hand, reduces the coupling between the two, which explains the larger relative motion.
Another implication of our study is related to tearing or detachment of the slab fragments. Several studies have suggested that the cessation of subduction of the Guadalupe and Magdalena microplates is related to slab detachment that occurred either below the Baja California peninsula (e.g., Calmus et al., 2011; Michaud et al., 2006; Pallares et al., 2007) , or further to the East beneath the Gulf of California (Castillo, 2008; Ferrari, 2004) . The main argument for a slab tear beneath the peninsula is the presence of post-subduction magma types such as adakites and niobium-enriched basalts. These are explained by slab melting along the edges of a slab tear beneath the peninsula caused by upwelling of hot Pacific asthenosphere through the slab tear (Calmus et al., 2011) . However, an alternative explanation was presented by Castillo (2008) , who suggested that the influx of Pacific asthenosphere beneath the gulf caused partial melting of the hydrous mantle wedge beneath the peninsula. Since we find evidence for the presence of high-velocity slab material beneath most of the NARS-Baja stations on the central and southern part of the Baja California peninsula, a slab tear beneath the peninsula is unlikely. We therefore prefer the interpretation of Castillo (2008) .
Lastly, the models for stations located on the Mexican mainland show a layer of higher velocities in the uppermost mantle above a lowvelocity upper mantle. The velocity decrease is found around 40 km depth for NE80 and around 80 km for stations NE81 and NE82. The low shallow mantle velocities beneath station NE80 are in agreement with the studies of Wang et al. (2009) and Zhang and Paulssen (2012) that suggested local upwelling and partial melting in the region. The velocity decrease around 80 km depth beneath stations NE81 and NE82, on the other hand, can be associated to the lithosphere-asthenosphere boundary that is globally detected at roughly 100 km Rychert and Shearer, 2009) and in the western U.S. at depths of 70-80 km . Although the nature of this seismic boundary is not yet fully understood, it is likely that it involves a transition from a dry lithosphere to a hydrous asthenosphere, potentially with an additional melt fraction (Schmerr, 2012) . A hydrous asthenosphere with some melt is likely in this region of (former) subduction due to slab dehydration.
Conclusions
We performed 1-D joint inversions based on phase velocity data and receiver functions for stations of the NARS-Baja project to better constrain the upper 200 km of the shear velocity structure beneath the Gulf of California region. Phase velocity data from Zhang and Paulssen (2012) were combined with newly measured receiver functions to determine the most robust features beneath the stations using model searches based on the Neighbourhood Algorithm.
The most important finding of our study is that the models for stations located in central and southern Baja California show a highvelocity anomaly of 40 to 60 km thickness with a sharp velocity increase at the top. These high-velocity anomalies are interpreted as remnants of the subducted Magdalena and Guadalupe microplates with their top slab interface at depths of 115 to 135 km. The absence of the high-velocity anomaly beneath the two stations in the northern part of the peninsula is explained by the presence of a slab window. Our results correlate with GPS data of relative motion between the Baja California peninsula and the Pacific plate. The small relative motion in the South can be attributed by strong coupling produced by the stalled slab remnants beneath the peninsula. The slab window in the North allows larger relative motion.
The mantle structure beneath the Mexican mainland is distinct from that beneath the peninsula, showing a velocity decrease at a depth of 40 km in the North and a decrease around 80 km for two more southern locations. The shallow low-velocity structure in the North can be explained by upwelling beneath the northern part of the gulf. The velocity decrease around 80 km is interpreted as the lithosphere-asthenosphere boundary.
The base of the sediment layer and the Moho are found to be the largest and most consistently determined structural contrasts of the crust. The largest sediment thicknesses were obtained for stations in coastal regions. The largest Moho depths, with values of more than 30 km, are found beneath and west of the Peninsular Ranges. The crustal thickness decreases rapidly to about 20 km at the border of the Gulf of California, both from the Baja California peninsula side as well as from the Mexican mainland. Our Moho depth estimates are smaller and likely less biased than those of Persaud et al. (2007) , because our inversions include the effects of a low-velocity sedimentary layer.
